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TITLE: DNA sequencing vector with reversible insert 



Abstract Tex t (1) : 

A sequencing vector based on the M13 phage vector is disclosed which is particularly 
adapted for use in large scale DNA sequencing procedures. The vector includes a 
vector unique restriction site flanked by recognition sites, attP and attB, for the 
site specific recombination as catalyzed by a site specific recombination agent, 
lambda in te grase . Using the vector, which incorporates the capability from M13 to 
replicate single stranded DNA for dideoxynucleotide sequencing, single stranded DNA 
of either strand may be selectively created since the orientation of any insert into 
the restriction site can readily be reversed by exposure of the vector to the 
recombination agent. This capability is particularly useful in large scale 
semi -random DNA sequencing in which the ability to selectively produce opposite 
strands is useful in filling gaps or ambiguities in large sequences. 

D eta i led Description Te xt (6) : 

The recombination recognition sites used in the subject vector are preferably the 
attachment sites for a protein known as lambda integrase . L ambda integrase is an 
enzyme encoded by the bacteriophage lambda that directs insertion of the native 
phage DNA into the chromosome of a bacteria infected by the bacteriophage, such as 
E.coli, by site specific recombination. The enzyme recognizes specific sites on both 
the phage, and on the bacterial chromosome, so that a site specific recombination, 
or integration, of the phage DNA into the E.coli chromosome is directed by the 
protein. The attachment site on the phage is known as attP, while the attachment 
site on the bacteria is referred to as attB. Although the attB site is actually in 
the genome of the bacteria rather than the phage, it is occasionally referred to as 
associated with the lambda phage. In the presence of the lambda integrase protein, 
the attachment site attB is split, as is the attachment site attP, creating 
complementary ends which are then welded together in a site specific recombination 
event. The new sites created by this recombinant event are referred to as attL and 
attR, represent the left and right borders of the inserted DNA sequence. All the 
steps of the integration reaction are coupled, in the sense that all four strands 
are cut, exchanged, and re-ligated without any stable intermediates appearing. The 
attP site and attB sites are unequal in size and complexity. The attP site is much 
larger and contains more binding sites to the enzyme. The minimal attB site is much 
smaller and may be reduced to a 15 base pair core. The identification of the sites 
and an analysis of the mechanism of this recombinant event may be found in Hsu, et 
al., Nature, 285, pp. 85-91 (1980). 

Detailed Description Tex t (7) : 

While the lambda integrase recombinant system is described herein, with attP and 
attB as the recognition sites and l ambda integrase as the recombination agent, other 
systems for site specific recombination may also be usable within the vector of the 
present invention. Other possible genetic recombination systems include those based 
on the hin (from Salmonella) -gin (from bacteriophage mu) , flp (from the 2 micron 
circle of yeast), and the att80 system of phage Phi80. The requirement of such 
alternative systems is that the recombinant event be site specific and predictable, 
and that the recombinant agent be convenient . 



Detailed Descript io n Text ( 8 ) 
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Thus the sequencing vector of the present invention allows for either of two strands 
of a target DNA sequence to be selectively replicated in cells in culture. By 
insertion of the unknown target DNA sequence into the sequencing vector of the 
present invention, and in the absence of the lamb da inte grase protein, the 
sequencing vector will be efficient in creating single - stranded DNA of one of the 
two possible orientations of the inserted target DNA sequence. Primer directed 
generation of a complementary strand from adjacent the insertion then permits 
sequencing the inserted target DNA in one orientation. By then exposing the 
sequencing vector to the lambda i ntegrase protein, either by in vitro chemical 
reaction or by transfection into an appropriate host capable of manufacturing the 
integrase protein, the site specific recombination event occurs, and the target DNA 
sequence is flipped in orientation within the vector. Then reverse primer extension 
under the same conditions as before would result in a complementary DNA to the 
opposite strand of the target DNA sequence and beginning at the opposite end. In 
this way, single-stranded DNA from either strand of the target DNA sequence can 
selectively and conveniently be created. The vectors having the inserted target DNA 
sequence in either orientation are stable, and can be stored or manipulated as 
desired. While this inversion feature of the vector makes the vector particularly 
suited for dideoxynucleot ide sequencing, it is to be understood that other 
sequencing techniques are possible as well. 

Detailed Description Text (20) : 

To conveniently utilize the Janus construction, a pair of bacterial hosts were 
selected, one having and one not having the capability of conditioning the 
expression of the phage l ambda integrase . The particular host used was JM101:sup, 
thi, delta (lac-proAB) [F ' , traD36, proAB, lacl.sup.q Z . DELTA . M2 5] . The second 
bacterial host utilized was JMlOlp(Int) which is the same E.coli JM101 carrying 
therein the plasmid pHS3-l, which was constructed by Gardner as described in J. 
Bact., 172, pages 1529-1538 (1990). The plasmid pHS3-l carries the lambda integrase 
gene driven by a hybrid Trp-Lac promoter referred to as Ptac. The resulting hybrid 
promoter is induced by iso-propyl -thio-galactoside (IPTG) , so that the cell is 
competent to carry out site specific recombination by expression of the lambda 
int e grase protein upon the induction by addition to the media of IPTG. 

Detailed Description Text (30) : 

The Janus phage vector thus created has the capability of actuating an inversion of 
a DNA segment contained within the vector in the form of a site specific integrase 
recombination of sites contained within the vector. The actual cross-over sites are 
contained at base pairs 6081-6087 in the attP site, and base pairs 6668-6674 in the 
attB site, which are seven base inverted repeats that form the actual cross -over 
site for lambda integrase mediated site specific recombination. Since these sites 
are placed in the vector in inverse orientation relative to each other, the 
initiation of lambda integrase recombination of a vector results in the complete 
inversion of the orientation of all the DNA placed between these sites in 
orientation within the vector. In other words, the exposure of the vector to the 
lambda integrase enzyme, under proper conditions for actuation of the enzyme, 
results in the complete reversal and orientation of all the DNA placed between base 
pairs 6087 and 6668 of the Janus vector described above. Between those base pairs is 
a Sma I cloning site (at base pairs 6655). The Sma I site is plasmid unique. Thus 
any DNA. incorporated into the Janus vector at the Sma I site will be located within 
the region which is inverted when the site specific recombination event occurs 
utilizing this vector. 

Detailed Description Text (32) : 

Similarly, at base pairs 6713 to 6728 of the Janus vector is a sequence which is 
complimentary to the sequence of a commercially available primer, known as a "-40 
primer" that an also be used to initiate single - stranded DNA polymerization on the 
template of the Janus vector. This primer can be used to initiate sequence 
elongation of inserts into the Janus vector before the recombination event triggered 
by the l ambda integra se enzyme. 

Detailed Description T ext (33) : 

The position of the Sma I cloning site is that 6655, conveniently located between 
the two primers and also appropriately located between the two sites of the site 
specific integration events. There is an Eco RI site at 6687, but this is not 
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suitable for sequence cloning because the DNA cloned into that site would not be 
inverted by the lam bda int egrase, since the site is outside of the cross-over site 
for the integrase mediated recombination process. Within the Janus nucleotide 
sequence, base pairs 6631 through 7125, represent the coding region for the alpha 
complementing region of beta galactosidase . The interruption by insertion of this 
coding region is responsible for the blue plaque test used to test for insertions 
into other M13 vectors. This test continues to work for the Janus vector as 
described herein through use of the exact same technique. 

Detailed Description Text (38) : 

To utilize the Janus vector in a cloning operation, from a 20 kilobase DNA insert, a 
random library can be created by sonication of the DNA to result in fragments of 
between 700 and 2300 base pairs in length. From such random fragments, 300 separate 
fragments are cloned into the Janus vector and can be cloned and replicated to 
create single-stranded DNA for sequencing. By sequencing all of the fragments 
contained in the 300 clones, approximately five-fold coverage of the entire 20,000 
base pair segment can be statistically achieved. The sequences can then be assembled 
by computer. Both experience and computer simulation has indicated that at this 
level of over- sequencing a few gaps will still remain. To close those gaps and 
provide the desired level of redundant sequencing for each of the gaps, a subset of 
about 100 of the clones is selected for inversion. This subset is chosen from the 
300 clones to include those clones which are adjacent to the remaining gaps, and to 
cover those regions which have been sequenced less than four times or regions which 
have been sequenced only on one strand, or sequences which have significant 
ambiguities in the consensus sequence so far obtained. These clones are then 
subjected to an inversion operation by exposing the plasmid clones to the lambda 
integr ase protein. This can be done by in vitro exposure to integrase, or by 
removing the Janus vectors with the included sequences and then transfecting into 
integrase competent E.coli host (i.e. JM101 with pH53-l). The 100 clones thus 
selected will create single-stranded DNA for the selected 100 fragments, but each of 
the fragments will provide data from the opposite strand of the origin DNA and the 
sequences will begin at the opposite end of each fragment. Thus strong data is 
provided for the weak points left by the initial random screening approach. 
Three- fold additional sequencing from this covering set has been determined by 
computer model to provide more than an ample high probability of closing all the 
gaps in each strand, and then building up the minimum four fold redundancy at each 
point on the sequence. Since by this process seven to eight fold redundancy will 
have been achieved on average for each base sequence, the need to reach that primary 
data would be limited to a very few specific problem areas. 

CLAIMS : 

19. A method as claimed in claim 14 wherein the vector includes as its recombination 
recognition sites the attP and attB sites of lambda phage, and wherein step (e) 
comprises exposing the vectors to l ambda integrase enzyme to catalyze the site 
specific recombination event. 

20. A method as claimed in claim 19 wherein the exposure of the vectors to the 
lambda integrase enzyme is done by transfecting the vectors into a bacterial host 
having lambda integrase enzyme therein. 

21. A method as claimed in claim 19 wherein the exposure of the vectors to the 
la mbda i nteg rase enzyme is done by exposing the vectors to the l ambda integr ase 
enzyme in vitro. 
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Inventor Name Search Result http://EXPOWKBl :8002/cgi-bin/expo/InvInfo/invquery.pl?FAM_NAM=OW&GIV_NAM-DA 











PFRFORMTNG M^NEY 
TRANSFER TRANSACTIONS 


A. 


r 09965083 


Not 
Issued 


030 


09/26/2001 


ELECTRONIC 
ACKNOWLEDGMENT OF 
RECEIPT o/ INVENTORY 


OWEN, DAVID 
A. 


09911088 


Not 
Issued 


071 


07/23/2001 


METHODS FOR THE 
REPLACEMENT, 
TRANSLOCATION AND 
STACKING OF DNA IN 
EUKARYOTIC GENOMES 


OW, DAVID W. 


09862015 


Not 
Issued 


030 


05/21/2001 


SELECTIVE MMP INHIBITORS 
HAVING REDUCED 
SIDE-EFFECTS 


OWEN DAVE) 
ALAN 


V/70J f*T~/\J 


Not 
Issued 


010 


09/24/2001 


INTERFACE PATCH CLAMPING 

11 1 1 1_/1\1 ilVl^ 1 X V^l 1 V-^ l~tl kl Til 11 1 VJ 


OWEN DAVID 
GERAINT 


09855978 


6469020 


150 


05/15/2001 


HYDROXAM1C AND 
CARBOXYLIC ACID 
DERIVATIVES 


OWEN, DAVID 
ALAN 


09851608 


Not 
Issued 


161 


05/09/2001 


ELECTRICAL POWER 
GENERATION SYSTEM FOR 
VEHICULAR BASED 
APPLICATIONS 


OWENS, 
DAVID J. 


09830739 


Not 
Issued 


071 


06/25/2001 


HYDROXA 
CARBOXY 
DERTVATP 
AND TNF IT 
ACTIVITY 


VIIC AND 
AC ACID 

'ES HAVING MMP 
sTHIBITORY 


OWEN, DAVED 
ALAN 


09820094 


6469788 


150 


03/27/2001 


COHERENT GRADIENT 
SENSINGpLLIPSOMETER 


OWEN, DAVID 
M. 


09806266 


6462042 


150 


03/28/2001 


HYDROxWc ACID 
DERIVATIVES AS MATRIX 
METALLORROTEINASE (MMP) 
INHIBITOR^ 


OWEN, DAVID 
ALAN 


09806259 


6455531 


150 


03/28/2001 


HYDROXAI 
DERIVATIV 


/IIC ACID 
ES 


OWEN, DAVID 
AT AN 

ALA1 ^ 


09790263 


6455718 


150 

041 
~150 


02/21/2001 


HALOGEN ] 
REACTION! 
CATALYST 
PRECURSO] 


EXCHANGE 
I IN PREPARING 
5 AND THEIR 
*S 


OWENS, 
DAVID W. 


09777522 


Not 
Issued 


02/06/2001 


HYDROXA 
CARBOXY] 
DERTVATR 


UlC AND 
JC ACID 
r ES 


OWEN, DAVID 
ALAN 


("107941 01 


6320511 




ICE DETEC 
CONFIGUR 
IMPROVED 
NEAR FREE 


OR 

4TION FOR 

ICE DETECTION AT 

:ZfNG CONDITIONS 


\J W-DlNlj, 

DAVID G. 


09719236 


Not ! 041 


04/19/2001 


HIGH THROUGHPUT SCREEN 


OWEN, DAVID 
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Issued 








GERAINT 


09649712 


Not 
Issued 


041 


08/25/2000 


SYSTEM AND METHOD FOR 
MEASURING ANC/lMPROVING 
FEED YARD PRODUCTIVITY 


OWEN, DAVID 
H. 


09623835 


6465468 


150 


03/22/2000 


hydroxamic and 
carboxylic acid 
derivatives/ 


OWEN, DAVID 
ALAN 


09623669 


6506764 


150 


09/06/2000 


HYDROXAMIC AND 
CARBOXYLIC ACID 
DERIVATIVES 


OWEN, DAVID 
ALAN 


09622134 


6503910 


150 


08/11/2000 


HYDROXAMIC AND 
CARBOXYLIC ACID 
DERIVATIVES 


OWEN, DAVID 
ALAN 


09622017 


Not 
Issued 


161 


08/10/2000 


HYDROXAMIC AND 
CARBO>fYLIC ACID 
DERIVATIVES 


OWEN, DAVID 
ALAN 


09620800 


Not 
Issued 


071 


07/21/2000 


DNA RECOMBINATION IN 
EUKARYOTIC CELLS BY THE 
BACTERIOPHAGE PHIC31 
RECOMBINATION SYSTEM 


OW, DAVID W. 


09616520 


Not 
Issued 


160 


07/14/2000 


PEPTIDYL COMPOUNDS 
HAVING MMP AND TNF 
INHIBITORY ACTIVITY 


OWEN, DAVID 
ALAN 


09596146 


6248265 


150 


06/16/2000 


CLEAN GENERATION OF A 
FLUOROARYLijRIGNARD 
REAGENT / 


OWENS, 
DAVID W. 


09570699 


6508037 


150 


05/15/2000 


RAISED FLOORING SYSTEM & 
METHOD / 


OWEN, DAVID 
D. 


09564217 


6310088 


150 


05/04/2000 


HYDROXAMIC AND 
CARBOXYLIC ACID 
DERIVATIVES HAVING MMP 
AND TNF INHIBITORY 
ACTIVITY 


OWEN, DAVID 
ALAN 


09549478 


Not 
Issued 


041 


04/14/2000 


SYSTEM/AND PROCESS FOR 
SYNCHRONIZING DATA 
BETWEEN BROADCAST MEDIA 
AND T^E INTERNET 


OWEN, DAVID 
E. 


09546742 


6464392 


150 


04/1 1/2000 


TACT 
LUME 
GROU 
CONT 


I ^AL THERMAL 

s ESCENCE SENSOR FOR 

r 4D PATH 

UV1INATION DETECTION 


OWENS, 
DAVID J. 


09523750 


Not 
Issued 


041 


03/13/2000 


AUTO 
RECO 
BASE 


V1ATED QUEUE 

VERY USING ELEMENT- 

) JOURNALING 


OWEN, DAVID 
FINIAN 


09519645 


6464137 


150 


03/06/2000 


DOClJ 
SYS1 


MENT DISPENSING 


OWENS, 
DAVID S. 











\ 
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09457179 


Not 
Issued 


041 


12/07/1999 


METHOD AND APPARATUS 
FOR CREA/TING A LINK 
BETWEEN DATA IN DIFFERENT 
DATA STORAGE AREAS 


OWENS, 
DAVID 


09370621 


Not 
Issued 


161 


08/06/1999 


CLAMP lfc)R A BATTERY 
JUMPER CABLE 


OWSLEY, 
DAVID 
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